Abstract: Detection and removal of slag from the molten metal is an important aspect of steel making process. The application of infrared imaging, spectroscopic method and other contact type slag detection methods are inappropriate as far as caster slag detection is concerned. The detection of vibration due to slag flow has a major shortcoming. In the present article, a simple imaging technique is presented for caster slag detection. The imaging technique is based on the detection of sudden increase in the light intensity by a CCD camera as the slag floats immediately as it enters the tundish through the shroud in a casting operation. The camera is connected to a computer. As the detected light exceeds the predetermined limit, the system generates the indication of the onset of slag.
Introduction
Continuous casting works as a steady state process. The process begins when molten steel is fed from a ladle into a tundish as shown in Figure 1 . The tundish is an intermediate holding container lined with refractory bricks that simultaneously holds molten steel and feeds it into the mould. A layer of slag on top of the molten steel is used to protect the metal from oxygen exposure. It is standard to feed the molten steel from the ladle to underneath the slag layer through a cylinder with refractory lining called shroud. A metal arm connected to the shroud and required to remove the shroud during ladle change is called shroud manipulator arm. The flow of molten steel between the tundish and the mould is controlled by a slide gate.
The steel plants face lot of problems due to slag carry over in the caster side. Unpredicted and unreliable slag carry over from ladle to tundish has a serious effect on casting operations from the steel quality point of view. The slag layer hinders addition of alloys and conditioner. In addition, the presence of high level of oxides (higher level of FeO and MnO) in the slag increases the processing as well as treatment time of steel. During sequence casting, the slag carryover leads to build up of slag in the tundish, poor ladle desulphurisation, phosphorous reversion, high ladle refractory wear, etc. These cause slag induced breakouts in billet casters, silver defects in the cast strand, reduced tundish refractory life and reduced productivity. The formation of high amount of slag clogs the nozzle of the caster and leads to poor ladle desulphurisation and ladle maintenance problem.
There are various types of methods for detection of slag. One such method, where the slag is detected remotely is based on the spectral emission lines of sodium and potassium from steel. The presence and absence of slag can be determined from the emission lines (Sampson and Kemlo, 1990) . The problem with this method is the reduction in light intensity for detection. In some other practice, slag on the surface of molten metal is drawn into the inlet end of a suction pipe which is provided with a water cooling jacket having orifices, permitting the flow of water to the inlet end of the pipe for palletising the entire slag (Nagasaki et al., 1976) . In other practice, some mechanical apparatus is made for raking out the slag from the ladle (Sheng, 2009) . Both the methods of slag removal shown in the works of Nagasaki et al. (1976) and Sheng (2009) require direct contact with slag surface which is often at a very high temperature range and thus the systems are prone to maintenance for repeated failure. The slag control system using refractory dart is often used in the converter slag control. The failure rate is usually high in the dart method mainly because of slag composition, angle of throw of dart, etc. (Howanski et al., 2006) . The latest method of converter slag detection by thermal imaging systems (Goldstein et al., 2000; Stofanak et al., 2001; Goldstein et al., 1999; Papp, 2004; Patterson, 2004; Wileman and Richards, 2008) provides the most convenient noncontact method by utilising the emissivity difference between metal and slag. In the present article, the caster slag detection by imaging technique is described.
Present practice
The spectroscopic (Sampson and Kemlo, 1990) as well as the infrared imaging technique (Goldstein et al., 2000; Stofanak et al., 2001; Goldstein et al., 1999; Papp, 2004; Patterson, 2004; Wileman and Richards, 2008) used for converter slag detection are not suitable for caster slag detection since the flow of molten metal and slag takes place through the shroud. Further the suction method (Nagasaki et al., 1976) as well as slag raking method (Sheng, 2009 ) is not convenient since the operation involves direct contact with the slag layer. In the present practice, the experienced operators physically feel vibration difference due to steel and slag flow on the ladle shroud manipulator arm and detect the flow of slag at the end of tapping. The density of steel is twice the density of slag and hence in the transition region of steel to slag the vibration pattern of shroud manipulator arm changes significantly. A skilled operator can sense the vibration difference by placing his hand over the shroud manipulator arm. However, translation of these signals into meaningful results is very complicated and relies on the alertness and skill of the individual operator. Research has been carried out for the development of vibration based caster slag detection system (Davidkhanian et al., 2004) . The drawback of the system is that the sensors used in this technique cannot effectively eliminate the other vibrational frequencies which occur due to the movement of various large equipment around the casting machine.
In some plants, electromagnetic detection system is used for slag detection (http;//www.amepa.de/html/content/engl/c21.html). In this system, an alternating current is fed into concentrically arranged coils of the sensor, thereby inducing eddy current in the melt as it flows out. In the presence of slag in the melt, the conductivity of the melt changes and the electromagnetic field increases. This change is measured by a secondary coil system. The main drawback of the system is that it is mounted inside the refractory layer of the ladle and thus cannot sustain the high temperature for a long time. This system is thus very much maintenance prone.
Features of imaging technique
A great effort to remove slag from the molten steel is taken in the converter side by draining out the upper layer of molten slag of the converter. Infrared imaging technique (Chakraborty and Sinha, 2009 ) is used to reduce the flow of slag from converter to ladle during end of tapping. But the total amount of slag inside the molten steel cannot be removed through this method and a large amount of slag is carried into the caster side. As the density of the slag is about the half the density of the steel, the slag floats immediately as it enters the tundish through shroud .The floating slag breaks the surface of the liquid steel and slag layer and a huge splashing of light takes place. In the present study, the imaging system is developed to detect the sudden splashing of light due to surface breakage at the end of tapping to intimate the operator to close the slide gate.
In the caster slag detection through imaging technique, a CCD camera is aimed to take the image of the area of the junction of shroud and tundish layer. The schematic arrangement of the imaging technique is shown in Figure 2 . The camera is connected to the computer through a frame grabber card. The ROI are defined by specific contours such as oval, rectangle, point, polygon, freehand, etc. ROI can be used interactively or programmatically. The small rectangle below image viewer shows the image in colour as acquired by the camera. The processing takes place in greyscale image of the image viewer where the 8-bit image is mapped to 0 for minimum intensity and 255 for maximum intensity. The processing is based on computing the statistical features of an image which are arithmetic mean, standard deviation and variance (Twogood, 1983 ; IMAQ Vision Concepts Manual by National Instruments). The arithmetic mean is the average greyscale value of the image. The standard deviation is a measure of frequency distribution, or ranges of pixel values of an image. If an image is supposed to be uniform throughout, the standard deviation should be small. A small standard deviation indicates that pixel intensities do not vary far from the mean. A large value indicates a greater range. The variance is the square root of standard deviation.
The expression for arithmetic mean, standard deviation and variance are given by: 
where sum (P x,y ) represents the summation of all pixel values in the image and sum (P x,y *P x,y ) is the sum of the squares of all pixel values. The coordinates x and y indicate the number of pixel in the vertical and horizontal direction of ROI. The generation of slag alarm depends on the sudden splashing of light due to surface breakage which causes sudden increase in the mean intensity. Figure 4 shows the mean intensity 107.24 during normal tapping operation in the absence of any slag. Figure 5 shows sudden change in mean intensity to 210.73 at the onset of slag during the end of tapping. The plot of mean intensity with time is shown in the graph window of Figures 4 and 5.The yellow cursor of the graph window can be adjusted to initiate slag alarm when the mean intensity crosses the cursor line. Figure 5 shows the 'CLOSE SLIDE GATE' indication as the mean intensity value crosses the cursor line. 
Conclusions
The caster slag detection through imaging technique is found to generate slag alarm at the onset of slag flow from ladle to tundish. By adjusting the ROI of processing window and yellow cursor line of the graph window the system can be tuned to generate slag alarm and can minimise the slag flow from ladle to tundish in a caster shop. The benefits of the system are automatic operation, reduced slag carry over, increased steel cleanliness and quality and reduced energy cost.
